The generalization of this procedure allows one to produce from any bosonic Lie algebra super-Toda models and associated super-W algebras together with their nonstandard realizations.
Introduction
In a recent paper [1] a system of constraints and equations of motion describing an N = 2, D = 3 Green-Schwarz superstring in a doubly supersymmetric (so called twistor-like) formulation [3, 4, 5] was reduced to a superfield system of equations in n = (1, 1), d = 2 worldsheet superspace 1 , which, in turn, was reduced to the purely bosonic Liouville equation plus two free massless fermion equations. Thus, the Liouville equation was shown to admit another n = (1, 1) supersymmetric generalization different from the conventional one [6] .
In the present article we show that the same system of equations arises also in a properly constrained n = (1, 1) superconformal Wess-Zumino-Novikov-Witten model [7] with an Sl(2, R) group manifold as the target space.
Supersymmetric WZNW models based on classical Lie groups were considered in detail in [8, 9] . A coset construction of superconformal field theories corresponding to constrained versions of the supersymmetric WZNW models was proposed in [10, 11] . However the generalization of the Hamiltonian reduction [12, 13] to supersymmetric WZNW models which leads to (super-) Toda models has been considered only for a restricted class of models, namely for those based on superalgebras which admit description in terms of fermionic simple roots only [14, 15] . Such Hamiltonian reduction has not been applied to supersymmetric WZNW models based on bosonic groups and supergroups which have bosonic simple roots in any root decomposition probably because of the lack of grouptheoretical and physical grounds for imposing appropriate constraints on components of the WZNW currents, and also because of a simple argument that the Hamiltonian reduction should spoil supersymmetry of these models [16] .
In the present paper we shall show how one can overcome this problem. The model considered below is an example of the relation between strings propagating in flat spacetime and appropriately constrained WZNW models, while usually WZNW models are associated with strings propagating on group manifolds (see, for example, [17] ), or coset spaces (see, for example, [18] ). The WZNW group manifold under consideration is isomorphic to the structure group of the flat target superspace of the Green-Schwarz superstring.
For N = 2, D = 3 target superspace of the Green-Schwarz superstring, as well as for the D = 3 Neveu-Schwarz-Ramond string, this group is Sl(2, R). This provides us with a physical motivation to study the Hamiltonian reduction of wider class of the supersymmetric WZNW models, of which we shall consider in detail the simplest example, namely, 1 We denote the number of left and right supersymmetries on the worldsheet by small n, and by capital N the number of supersymmetries in target space the n = (1, 1), d = 2 superconformal Sl(2, R) WZNW model. An unusual feature we shall encounter with is that the non-linear superfield constraints imposed for performing the Hamiltonian reduction are a mixture of first-and second-class constraints. Supersymmetry of the model is realized non-linearly and is spontaneously broken. The set of independent fields which survive the Hamiltonian reduction contains (in the holomorphic sector) one bosonic (Virasoro) field of spin 2 and two fermionic fields of spin 3 2 and − 1 2
. The n = 1 superconformal system thus obtained is the same as one describing a non-critical Neveu-Schwarz-Ramond string [2] . This demonstrates from a somewhat different point a (classical) relation between the Green-Schwarz and Neveu-Schwarz-Ramond formulation of superstrings [19, 20, 21] .
The prescription to be used can be straightforwardly generalized to obtain super-Toda theories associated to any bosonic superaffine Lie algebra and for constructing corresponding supersymmetric extensions of ordinary W-algebras together with their non-standard realizations. Though (in the case of the bosonic Lie algebras) we do not expect to get on this ground completely new integrable systems, the study of these models may turn out to be useful, for instance, for getting new information about the structure of systems with spontaneously broken supersymmetry, and to gain deeper insight into the relationship between different superstring models. Some new structures may arise as a result of the Hamiltonian reduction of WZNW models based on superalgebras which contain simple bosonic roots.
The paper is organized as follows. In Section 2 we perform the Hamiltonian reduction of the supersymmetric Sl(2, R) WZNW model and in Section 3 we demonstrate that the resulting system of equations is equivalent to that of the N = 2, D = 3 Green-Schwarz superstring model [1] . Symmetry properties and field contents of the system are analysed in Section 4. In Section 5 we make the Hamiltonian analysis of the constraints and get (upon gauge fixing and constructing Dirac brackets) a Virasoro stress tensor and a supersymmetry current of an n = 1 superconformal theory which describes an n = (1, 1)
Neveu-Schwarz-Ramond superstring in D = 3. In Section 6 we discuss the general case of the Hamiltonian reduction of supersymmetry WZNW models based on the classical Lie groups to non-standard supersymmetric versions of the Toda models. In Conclusion we discuss an outlook of applying the procedure to study more general class of models. 
where G(Z,Z) is a superfield taking its values on the Sl(2, R) group manifold, D = The second (Wess-Zumino) term in (1) is an integral over d = 3, n = 1 superspace whose boundary is the (Z,Z) superspace.
The action (1) is invariant under superconformal transformations of the n = (1, 1),
and under the affine Sl(2, R) transformations of G(Z,Z)
From (1) one gets the equations of motion
which read that the fermionic currents
are (anti)chiral and hence conserved, and generate the affine Sl(2, R) transformations (3).
E ± , H are the sl(2, R) algebra generators
The supersymmetric WZNW model can be constrained by putting equal to zero the components of the currents (5) corresponding to the generators (6) of a vector subgroup of the Sl(2, R) L × Sl(2, R) R affine group. On this way one gets coset construction of superconformal field theories [10, 11] . Such constraints can be obtained from a gauged WZNW action [22] , which has been under intensive study as an effective action for string configurations in target coset spaces (see, for example, [18] and references therein).
Another possibility of reducing WZNW models (studied below) is to impose constraints on those algebra-valued components of the WZNW currents which correspond to the nilpotent subalgebra of the positive (or negative) roots of the WZNW group generators [12, 15] . As we have already mentioned, this reduction establishes the relationship between (super) WZNW models [12, 15] and (super) Toda theories [23] .
In the case under consideration one cannot perform such kind of Hamiltonian reduction in a straightforward way. Indeed, the basic supercurrents of the model are fermionic 2 , and the Hamiltonian reduction procedure prescribes putting equal to non-zero constants those (super)currents which correspond to the positive or negative simple roots of the WZNW (super)algebra (a reduction of this kind leads to so-called Abelian Toda models, see [12, 15] ).
If a current component to be constrained is fermionic, it does not seem natural to put it equal to a Grassmann constant. A way to overcome this problem is to explicitly use in the constraints the Grassmann coordinates θ or/andθ of superspace, however the resulting model is no longer supersymmetric [16] .
Therefore we shall use an alternative possibility, which does not violate manifest supersymmetry. Firstly, we shall construct bosonic supercurrents out of fermionic ones (5) in an appropriate covariant way, and then impose constraints on the bosonic supercurrents.
The natural candidates to be constrained are sl(2)-valued components of the bosonic supercurrents
Together with the fermionic currents (5) the bosonic currents (7) constitute a differential one-superform being a pullback onto the n = (1, 1), d = 2 superspace of the Sl(2, R)
where
is the external differential.
3 By construction Eq. (8) satisfies the Maurer-Cartan equation
(which is the zero curvature condition for the Sl(2, R) connection form Ω)
From (9) it follows that the bosonic currents (7) are composed out of the fermionic currents (5) as follows
We are now in a position to constrain the supersymmetric Sl(2, R) WZNW model the same way as was used to reduce the bosonic Sl(2, R) WZNW model to the Liouville theory [12, 13] . We put equal to one the current components J − andJ + of Eqs. (7), (10):
where D + 2iΨ 0 andD − 2iΨ 0 can be regarded as covariant derivatives with Ψ 0 ,Ψ By using the Gauss decomposition of the Sl(2, R) group element
one can (locally) write down the current components (5) in the following form
3 Notice that, for instance, the dθ component of Ω is ΩD =
4 n=(2,2) superconformal WZNW models and current algebras with non-linear constraints on fermionic currents, which formally have the same form as the r.h.s. of Eq. (10), were studied in [24, 25] . Though the group-theoretical motivation for imposing the constraints in this form is the same as in our case, the constraints of [24, 25] bear an essentially different meaning and result in unconstrained models in terms of n=(1,1) superfields [24, 25] .
Then the super-WZNW equations of motion (4) and the constraints (11) reduce to the following system of equations:
Eqs. (14) correspond to the unconstrained supersymmetric WZNW model.
The chirality conditions for the Ψ + andΨ − component of (13) are identically satisfied provided that (14) are valid. Note also that neither β(Z,Z) nor γ(Z,Z) enters the Eqs. (14), (15) explicitly if Ψ − andΨ + are considered as independent variables.
Connection with N=2, D=Green-Schwarz superstrings
In [1] the system of equations (14), (15) was obtained from the equations of motions and constraints describing a classical N = 2, D = 3 Green-Schwarz superstring in a doubly supersymmetric geometrical approach [3, 5] 5 . It was derived from a zero curvature condition (9) for an Sl(2, R) connection form whose basic fermionic algebra-valued components are (in our notation):
where L(Z,Z) is an arbitrary superfield reflecting local worldsheet SO(1,1) invariance of the superstring model.
Note that the components of (16) do not have the form of the Gauss decomposition, they are non-chiral and, hence, differ from that in (13) . However, F,F and Ψ,Ψ relate to each other the same way as a zero curvature connection of a bosonic Toda theory [23] relates to (anti)chiral currents of the corresponding reduced WZNW model [13] . To establish the relationship between Eqs. (16) and Eqs. (13) one should perform in (16) an independent left and right gauge transformation of
, which correspond, respectively, to the β(Z,Z) and γ(Z,Z)
factor of the Gauss decomposition (12) of an Sl(2, R) group element:
5 In the doubly supersymmetric twistor-like formulation of superparticle and superstring theory the fermionic κ-symmetry [26, 19] is replaced by more fundamental local n = D − 2 supersymmetry on the worldsheet [27] (see [4] and references therein for the details on the approach)
To perform an appropriate β-transformation (17) we first gauge fix L = Φ in (16) , and then choose β(Z,Z) to satisfy the condition
Then theF components in (17) turn to zero andF
On the other hand, to perform an appropriate γ-transformation we choose in (16) L = −Φ and take γ(Z,Z) to satisfy
Then theF components of (18) To conclude this section we should point to a problem which we have not solved. It is the problem of constructing a gauged version of the WZNW action (1) from which the constraints (11) could be obtained as the equations of motion of auxiliary gauge fields.
The straightforward application of the procedure used for gauging the WZNW models subject to 'standard' Hamiltonian reduction [12, 13, 15] does not work, since in our case the constraints (11) are non-linear, contain supercovariant derivatives of fermionic currents and, as we shall see in the next section, are a mixture of first-and second-class constraints. However an indirect indication that such a gauged supersymmetric WZNW action may exist is that there exist versions of the N = 2, D = 3 superstring action with local n = (1, 1) worldsheet supersymmetry [3, 5] from which one can get the system of equations (14), (15) . As we have demonstrated, the currents that arise in the superstring model are connected with the WZNW currents by the local transformations (17), (18), which might be associated with local symmetry transformations of the gauged WZNW action if the latter existed.
Superconformal properties of the model and of the related Liouville system
Let us consider now superconformal properties of fields subject to the constraints (15).
The Eqs. (14), (15) are invariant under the n = (1, 1) transformations (2) provided that the latter are accompanied by the following left-right H-rotation of G(Z,Z) (12):
Then, due to (13),
andΨ
. (22) From Eqs. (20) - (22) 
From Eqs. (2), (20) - (24) it follows that under infinitesimal (anti)holomorphic supersymmetry transformations θ → θ − ǫ(z),θ →θ −ǭ(z) the leading component of Φ transforms as follows
and the leading components of Ψ − ,Ψ + transform as Goldstone fermions [28] 
which signifies that the n = (1, 1) supersymmetry is spontaneously broken. Note that the form of the transformations (26) does not imply that ψ − (z),ψ + (z) are pure gauge degrees of freedom, since here superconformal symmetry is not a local symmetry in a full sense
and cannot be used for reducing the number of the physical degrees of freedom of the model (there is no first-class constraints which generate the superconformal symmetry).
The supersymmetry transformation properties of the leading components of Ψ + and Ψ 0 (Ψ − andΨ 0 in the antiholomorphic sector) are
Under conformal transformations (z → z − λ(z),z →z −λ(z),) the fields φ, ψ − , ψ + transform as follows:
and
The transformations (25) - (31) form an n = (1, 1) superconformal algebra which closes on the mass shell. For instance
where λ = 2iǫ 1 ǫ 2 . From (29) we see that ψ − ,ψ + have conformal spin − 1 2
, and ψ − ,ψ + have spin 3 2 . As to the fields ψ 0 ,ψ 0 , their transformation properties (27) , (30) , (31) reflect the fact that, due to the constraints (11), these fields are not independent (see next Section for the details).
Comparing (25) with (28) 32) ), the commutator of two supersymmetry transformations leads to a conformal transformation, therefore the superconformal symmetry of our model is fully fledged in contrast to a Grassmann symmetry of a free fermion system of Ref. [8] .
Finally, we present the component equations resulting from (14) , (15) [1]:
As one might expected, the reduction of the supersymmetric Sl(2, R) WZNW model resulted in the Liouville equation (33) , which is accompanied by the free chiral fermion equations (34) . The decoupling of fermions from bosons is a general property of the supersymmetric WZNW models based on the classical Lie groups [8, 9] . An interesting point is that the whole system of the equations is invariant under the non-linear n = (1, 1) superconformal transformations (25) , (26), and thus can be considered as a supersymmetric generalization of the Liouville equation alternative [1] to the conventional one [6] .
5 Current algebra, Hamiltonian analysis of the constraints and connection with NSR strings
Poisson brackets of the fermionic superfield currents (5) generate two (anti)commuting copies of the supersymmetric SL(2, R) algebra [15] {tr(AΨ(X)),
where A, B stand for E + , E − and H; X = (
It is implied that the Poisson brackets are equal-time, i.e. It is convenient to work with ψ(z) and j(z) as the independent components of the superfield currents, since they are completely decoupled [8, 9] :
Using (36) it is rather easy to understand the structure of the superfield constraints (11), which, in components, reduce to
(in the holomorphic sector).
A linear combination of the constraints (37)
have the following form of the Poisson brackets (36):
Note that the equations (38) - (41) are satisfied in a weak sense, i.e. C B (Z) and C F (Z) can be put to zero only upon calculating their Poisson brackets with other field expressions.
From (40), (41) we conclude that the bosonic constraint (39) is of the first class and the fermionic constraint (38) is of the second class. The latter can be put to zero in the strong sense by replacing the Poisson brackets with Dirac brackets [29] {f, g}
where f (z) and g(z) are arbitrary phase-space functions.
Upon introducing the Dirac brackets one can eliminate ψ 0 (andψ 0 in the antiholomorphic sector) from the number of the physical variables of the model.
Thus, within the course of the Hamiltonian reduction of the model we have encountered an unusual situation, namely, the appearance of the second-class constraint. Usually, when performing the Hamiltonian reduction of WZNW models, one restricts oneself to imposing first-class constraints [12, 13, 15] .
A peculiar feature of the case under consideration is that though superfield constraints (11) are a mixture of the first-and second-class constraints, after the superconformal transformations (2) the first-class constraint component (39) of (11) remains in the first class.
The bosonic first-class constraint (40) reflects the existence of the invariance of the model under the chiral transformations g + (Z) corresponding to the E + subalgebra of the sl(2, R) algebra (6). We should stress that the parameter of these transformations is a chiral superfield, since the whole superfield constraint J − (Z) − 1 = 0 in (10) 
To analyse the superconformal structure of the physical sector of the model we impose an additional condition which fixes the g + (Z)| θ=0 gauge transformations and converts (39) in to a second-class constraint. Namely, as in the case of bosonic WZNW models [12] we impose the Drinfeld-Sokolov gauge [30] :
The constraint (44) 
Having in mind thatĴ 0 | θ=0 = J 0 | θ=0 = 0 we get for the infinitesimal transformations
To treat the conditions (39), (44) in the strong sense we should use them to construct new Dirac brackets with respect to which Eqs. (39), (44) commute. For this to be achieve in a simplest way one should find a pair of second-class constraints, being a combination of (39) and (44), which commute in a canonical way with respect to the Dirac brackets (42). Their form turns out to be as follows:
Using (47) we construct new Dirac brackets
which allow one to treat the constraints (47) in the strong sense. Under the Dirac brackets (48) the fields ψ + (z), ψ − (z) and j + (z) have the following commutation properties:
In Eqs. (49), (50) 
as the independent fermionic fields. Then b(z) and c(z) are canonical conjugate free fields with spin , respectively:
From Eq. (50) we see that j + (z) has the properties of the Virasoro stress tensor for the single bosonic (Liouville) mode (33) of our model and is indeed the same as in purely bosonic case [12] (this can be checked by use of Eqs. (10), (13) and taking into account the constraints):
Thus in the classical case under consideration the full Virasoro stress tensor T (z) and the superconformal current G(z) constructed of T m (z), b(z) and c(z) have the following form:
The n = 1 superconformal algebra of (54) realised on the Dirac brackets (48) is
The central charge of the classical algebra is c = 6k.
To quantize this algebra we should take into account operator ordering in (54) and pass from the Dirac brackets to the quantum (anti)commutation relations, or to consider the quantum operator product expansion of the fields. We choose the second formalism, and as a result we get the realization of the quantum n = 1 superconformal algebra which arises in a non-critical n = (1, 1) Neveu-Schwarz-Ramond string [2] .
In the OPE language the super-Virasoro algebra we shall reproduce is:
Here and in the following formulas the fields on the r.h.s. are computed at w = 0. The prime denotes for simplicity the ∂ z derivative.
The OPE for the b(z), c(z) field can be normalized as and c(z) was constructed in [2] :
where dots denote the normal ordering, and the quantum central charge is c = c m − 11.
Notice the appearance of a new (the last) term in T (z) and changing of coefficients of terms in G(z) (57) in comparison with the classical case (54) due to the operator ordering.
We have thus established the connection of the reduced supersymmetric SL(2, R)
WZNW model with N = 2, D = 3 Green-Schwarz superstrings and n = (1, 1), D = 3
Neveu-Schwarz-Ramond superstrings propagating in flat space-time.
To the n = 1 superconformal algebra (56) one can add the spin (− ) field c(z) as the generator of the fermionic transformations (43). Then we get a non-linear extension of the super-Virasoro algebra considered, for instance, in [37] .
For completeness let us present an alternative realization of the super-Virasoro algebra which makes use of a field V (z) (conventionally represented as V (z) ≡ ∂Φ(z)) satisfying the free-field OPE
together with the free fields b(z) and c(z). It is given by
where q = (
, and the central charge is the same as above. Notice that in this case the stress-energy tensor T (z) is the same as in the classical case (54), i.e. the standard one given by the sum of two stress-energy tensors for the bosonic and fermionic free-field components, respectively.
Hamiltonian reduction in the case of a general superaffine Lie algebra
In this Section we shall discuss how to generalize the previous construction valid for the sl(2) algebra to any given bosonic algebra (or even superalgebra). A complete analysis of this case is postponed to future work, here we restrict ourselves to outline the main features and basic ingredients.
To simplify discussion it is convenient to use the language of the so-called soldering procedure introduced by Polyakov in [32] , which allows reproducing the results of the (more complete) Dirac analysis performed above.
Let us start recalling that the n = 1 chiral fermionic super-Kac Moody fields Ψ ± (Z), Ψ 0 (Z) of the affine sl(2) transform under the infinitesimal gauge transformations parametrized by bosonic chiral superfields ǫ ± (Z), ǫ 0 (Z) as follows:
Using the Maurer Cartan equation (9) we constructed from Ψ ± (Z), Ψ 0 (Z) the bosonic superfields J ± , J 0 (10)
By construction they obey the following sl(2) transformation properties
They correspond to a trivial supersymmetrization of the sl (2) (28)- (31), the fermionic component of ǫ − (Z) which is connected with supersymmetry parameter ǫ(z) in (25)- (27) through the relation
∂λψ − , and an additional fermionic transformation parameter Dǫ + | θ=0 (compare with (43)).
This reasoning can be applied to get information about the reduction of more general n = 1 superaffine algebras.
We wish to stress that the bosonic superfields J ± associated to the roots of the sl (2) algebra are obtained, as a consequence of the Maurer-Cartan equations (9) , by applying to Ψ ± a fermionic derivative covariant with respect to the super-U(1) Kac-Moody subalgebra of sl(2). 6 . This property obviously takes place in the case of a generic bosonic algebra. Let Ψ ±j (Z) denote generic superfield currents associated to a root system of an n = 1 superaffinization of a given bosonic simple Lie algebra G, and Ψ 0,i (Z) denote the supercurrents associated to the Cartan subalgebra (here i = 1, ..., r, and r is the rank of G). The supercurrents Ψ ±j (Z) are covariant w.r.t. the n = 1 superaffine subalgebrâ U (1) r of G, i.e. they satisfy the following Poisson brackets:
where q i,±j = ±q i,j is a set of U(1)-charges.
The bosonic superfields J ±j are constructed of Ψ as
where the covariant derivative is uniquely determined as D ≡ D + k=1,...,r α k Ψ 0,k (with α k being specified in terms of q i,j ) by the requirement that J ±j satisfy the Maurer-Cartan equations and are covariant with charge q i,j :
The structure constants c ±j k,l are non-vanishing only for those integral values of k, l for which q i,k + q i,l = ±q i,j for any i. ).
It deserves mentioning that the standard supersymmetrization of a bosonic W algebra is carried out in two steps (see [36] ), namely, by identifying a suitable superalgebra and an embedding of osp(1|2) or sl(1|2) into it. In our approach we perform the supersymmetrization of the W algebra by direct use of the same ingredients as in the bosonic case:
the classical Lie algebra as a base and a given embedding of sl (2) into the former (the principal embedding for abelian theories). Because of the presence of the spin (
) b − c systems such a realization of a super-W algebra differs in field contents from the standard ones based on superalgebras [36] . A class of supersymmetric W algebras realized with the use of spin (
) b − c systems have been considered, for instance, in [37] and references therein.
The related super-Toda models may be of interest because of unusual supersymmetric properties and of possible physical applications. However, from the point of view of integrable systems they are rather trivial because they are a direct sum of a purely bosonic Toda model and a fermionic free-field sector. This is a consequence of using a bosonic algebra as a starting point.
The Hamiltonian reduction procedure outlined herein can be also applied to those superalgebras which always contain in their root decomposition bosonic simple roots. In this case one should impose a "mixed" type of constraints, namely, standard ones associated to fermionic simple roots and non-linear ones for the bosonic roots as discussed in this paper. It is very likely that the models derived this way have a non-trivial interaction between the bosonic and fermionic sector. As far as we know, superalgebras of this kind have not been involved yet into the production of super-Toda models. The complete classification of superalgebras and their Dynkin diagrams can be found in [38] . From this paper we learn that, for instance, up to rank 3, there exist 6 superalgebras which contain bosonic simple roots in any root decomposition. The rank 2 superalgebra of this kind is Osp(1|4), and the rank 3 superalgebras are Osp(5|2), Osp(2|4), Osp(1|6), Sl(1|3) and
G(3).
Apart from these systems which deserve to be analyzed in detail, there is another problem which is worth studying. Many superalgebras admit different root decompositions.
Even superalgebras which are expressible in terms of only fermionic simple roots can be expressed, in another basis, in terms of a Dynkin diagram involving bosonic simple roots (the simplest superalgebra having this property is Sl(1|2)). It is interesting to understand possible relations, if any, between super-Toda models derived from different presentations of the same superalgebra.
Conclusion and discussion
We have studied the Hamiltonian reduction of the n = (1, 1) supersymmetric WZNW models having a classical (bosonic) group as target space.
Since the simple roots of the corresponding Lie algebra are bosonic the constraints are to be imposed on associated bosonic supercurrents constructed from the basic fermionic supercurrents in a non-linear way prescribed by the Maurer-Cartan equation. The constraints thus obtained are a mixture of bosonic first-class and fermionic second-class constraints. This makes difference between the Hamiltonian reduction of the models considered above and the conventional Hamiltonian reduction of the bosonic WZNW models [12, 13] and the supersymmetric WZNW models based on superalgebras admitting realization in terms of fermionic simple roots only [15] . In the latter case all the constraints imposed are of the second class.
Hamiltonian reduction results in shifting the conformal spins of bosonic as well as . Supersymmetry transforming these fields is realized non-linearly and is spontaneously broken.
The supersymmetric Toda systems obtained by reducing the WZNW models with bosonic groups consist of purely bosonic Toda models and a number of free left-rightchiral fermions. Thus the supersymmetric generalization of the bosonic Toda-models obtained this way is alternative to the conventional one (see e.g. [39] ) which involves nontrivial interactions of the bosonic and fermionic sector and where all fermionic fields have positive conformal spin.
An important problem which has remained unsolved yet is the construction of a gauged WZNW action from which one can directly get the constraints as equations of motion of auxiliary gauge fields. As we have already mentioned in the main text, the problem is caused by the non-linear form of the constraints which, in addition, contain bosonic coordinate derivatives of group-valued superfields G(Z), while the WZNW action (1) is constructed with the use of only Grassmann supercovariant derivatives. The cause of the problem seems akin to the problem of constructing superfield actions for n-extended WZNW models.
Possible directions of generalizing results obtained are following.
The detailed analysis of the Hamiltonian reduction of the Sl(2, R) WZNW model revealed its connection with N = 2 Green-Schwarz superstrings and n = (1, 1) NeveuSchwarz-Ramond strings propagating in flat D = 3 space-time. As we know from the doubly supersymmetric approach (see [4] and references therein), in D=4 flat superspacetime, whose structure group is Sl(2, C), Green-Schwarz superstrings are described by an n = 2 worldsheet supersymmetry. Hence we can associate to this strings an n = 2 supersymmetric Sl(2, C) WZNW model [24] appropriately reduced the way considered above. For the N = 2, D = 4 superstring this should result in a supersymmetric integrable system 7 which describes the physical modes of the classical superstring and which consists of a bosonic Liouville system and two pairs of left-right-moving free fermions. As in the D=3 case, one may also expect a connection with an n = (2, 2) superconformal system corresponding to an n = (2, 2) Neveu-Schwarz-Ramond string [2] .
Next, more complicated, step is to perform the Hamiltonian reduction of supersymmetric WZNW models based on SO(1, 5) and SO(1, 9) group which correspond, respectively to N = 2 Green-Schwarz superstrings in D = 6 and D = 10 space-time with n = (4, 4) and n = (8, 8) supersymmetries on the worldsheet, or at least with n = (2, 2) manifest worldsheet supersymmetries, and to establish a connection with results of Refs. [2, 21] on Neveu-Schwarz-Ramond and Green-Schwarz superstrings. Another words one should study a generalization of the Hamiltonian reduction procedure considered here to the case of WZNW models with extended supersymmetry.
Though we have talked of N = 2, Green-Schwarz superstrings in D=3,4,6 and 10 dimensions and corresponding n = (D − 2, D − 2) superconformal models the discussion above is also valid for N = 1 Green-Schwarz superstrings and chiral (heterotic) n = (D − 2, 0) superconformal models.
Another direction of study, which may turn out the most interesting from a mathematical physics point of view, is to apply the Hamiltonian reduction procedure to constrain supersymmetric WZNW models based on superalgebras with fermionic and bosonic simple roots in any Dynkin diagram [38] . The simplest example is the OSp(1|4) superalgebra whose root decomposition contains one bosonic and one fermionic simple root. A potentially promising investigation concerns other supergroups of this kind, the three-rank exceptional supergroup G(3) and the four-rank exceptional supergroup F (4). It is likely [41] that their reductions are related respectively to an n = 7 and n = 8 supersymmetric extension of the conformal algebra.
